INTRODUCTION
Considerable debate in recent years has been on the upper limit of ammonia concentration in the rumen for maximal production of microbial protein and, therefore, the upper limit for efficient use of urea. Using an in vitro fermentation system (continuous fermentor), Satter
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and Slyter (23) established that maximal synthesis of microbial protein is reached near 2 mg rumen ammonia N (RAN) per 100 ml rumen fluid, and they recommended 5 mg as the upper limit because "higher value gives a slight margin of excess." Rations containing 12 to 13% natural protein would raise the RAN concentration to 5 mg, so Satter and Roffler (22) concluded that rumen microorganisms cannot use urea in rations exceeding these protein concentrations. Similar observations have been by Hogan (11) and Kaufmann (14) .
Using a similar continuous fermentor Bull, Poos, and Tamplin (unpublished) showed that net synthesis of protein does not reach maximum until the RAN concentration is 15 to 20 mg/100 ml. Helmer et al. (10) and Barr (4) showed that synthesis of microbial protein was greater for some urea-containing substrates than for others even when the RAN concentration was nearly 100 mg/100 ml. The energy source significantly affected maximal synthesis of microbial protein from ammonia. Stiles et al. (26) observed similar results in vivo. Oltjen et al. (19) found increases in nitrogen balance as RAN increased above 27 mg/lO0 ml fluid. Mehrez and Orskov (17) Final RAN was determined after incubation (gas production samples) by the Conway (7) microdiffusion analysis. Incubation times were 6 h. All determinations were in duplicate. Each test was repeated six times.
Experiment 2
Experiment 2 was similar in all respects to Experiment 1 except that extrusion-cooked sorghum grain to equal the cooked grain in Starea was substituted for uncooked sorghum grain in each soybean meal ration ( Table 2 ). This provided the same quantity of readily fermentable grain in each ration. All determinations were in duplicate, and each test was repeated once.
The nitrogen solubility of the sample of soybean meal in Experiments 1 and 2 was determined by nitrogen solubility index (1). Nitrogen solubility was determined at 39 C to simulate rumen temperature. Solubility of the experimental sample was compared with the solubilities of three other commercial soybean meal samples.
Experiment 3
In tria] 1, 20 lactating Holstein cows were divided into two groups as similar as possible in milk production, stage of lactation, and age. All cows were past their peak production. The cows were housed in freestalls and fed in outside bunks mixed alfalfa-prairie hay and a grain ration. Grain was fed at 15.88 kg per cow per day. Hay was fed ad libitum. All feed fed and refused was weighed and recorded daily. Samples of feed were composited at monthly intervals and proximate composition determined by AOAC (3) methods. The composition and proximate analyses of feeds are in Table 3 .
During a 3-wk preliminary period, cows were fed alfalfa hay and a grain ration with 16% crude protein. Milk production data during the last 10 days of the preliminary period were used to select the cows. A cross-over experimental design was used to test two rations (Table 3 ) which contained ca. 13% crude protein (all natural) or ca. 16.5% crude protein (3.5 percentage points of crude protein from Starea). Experimental periods were 5 wk. Data obtained the first 2 wk of each 5-wk period, considered transitional, were not used in the analyses. Data were analyzed by the method of Lucas (16) for cross-over trials.
Individual milk weights were recorded at each milking. Milk composition was determined on individual, 24-h composite samples collected at the end of the preliminary and each experimental period. Milk was analyzed for fat content by the Milko-tester (3), for protein by the dye-bind method of Udy (27) , and for solids-not-fat by the method of Golding (9) . Cows were weighed 2 consecutive days at the end of the preliminary and each experimental period. The experiment was during August, September, and October.
A second trial during December, January, and February was similar in all respects to trial 1 except that 30 Holstein cows were used. 
RESULTS AND DISCUSSION

Experiment 1
Theproduction of microbial protein increased steadily as protein content of the ration was increased with Starea from 13 to 30% (Table   4) . Also, the final ammonia-N concentration of rumen fluid increased progressively as Starea in the ration was increased. Maximal synthesis of protein (76.6 rag) occurred when the rumen ammonia concentration reached 75.7 mg per 100 ml. Protein synthesis was not increased by incremental additions of SBM but appeared to stabilize around 23 to 26 mg. Although the production of microbial protein was higher on Starea than on SBM, the amino acid composition of the fermentation residues from the two supplements did not differ greatly (Table 5 ). This agrees with the findings of Satter and Whitlow (24) who observed that the flow of amino acids to the intestine was the same when sheep were fed diets containing either SBM or Starea. Rumen ammonia concentration increased steadily with incremental additions of SBM but considerably less than with Starea (Table  4) . Gas production (Table 4) increased steadily with incremental additions of Starea except at the highest concentration. It is conjectured that the readily fermentable cooked starch in Starea increased gas production. Incremental additions of SBM produced only a small increase in gas, indicating that SBM is less fermentable than Starea.
Rumen pH was slightly higher for Starea than for SBM (Table 4) , we assume because of the high ammonia concentration from Starea. Ammonia would be expected to buffer the large quantity of acid that must have been produced, as indicated by the high gas production. The poor protein synthesis from SBM could arise because of the resistance of this sample to microbial attack. This was substantiated by low gas production. Also, the SBM may have contained less available energy for converting ammonia to microbial protein than did the cooked grain in Starea. Consequently, Experiment 2 was designed so the SBM and Starea rations contained the same quantity of extrusion cooked grain.
Experiment 2
As in Experiment 1, production of microbial protein increased as Starea in the ration increased (except for the 27% concentration of CP), and Starea produced considerably more protein than did SBM (Table 6 ). However, more protein was synthesized from SBM in Experiment 2 than in Experiment 1, and the RAN was lower in Experiment 2 than in Experiment 1, which suggests that the cooked grain added to the SBM ration improved the bacteria's use of ammonia. Also, rumen pH was lower for SBM than for Starea, and it decreased as cooked grain in the SBM ration increased. The pH shift demonstrates the effect of the increased fermentability of the SBM rations when cooked grain is added. However, it is puzzling that gas production was not higher for SBM rations containing increased concentrations of cooked grain. Poor fermentability of the SBM in the rumen, as in Experiment 1, may have accounted for the lower gas production. Because this sample of SBM appeared to be degraded poorly in the rumen, we determined its nitrogen solubility index which was 10.5%, less than half those of three other commercial SBM samples (their indexes were 22.7, 23.6, and 27.4). Apparently commercial SBM varies widely in susceptibility to degradation by rumen microorganisms. The low solubility of the experimental sample of SBM would explain the low ammonia concentrations, low gas production, and low protein synthesis in vitro.
Experiment 3
Mean protein concentrations of the rations were 13.1 and 16.3 for trial 1 and 13.2 and 16.8 for trial 2 ( Table 7) . Grain intake was not affected by protein concentration. Both groups of cows, in both trials, readily consumed the 15.88 kg grain offered, even though the grain ration with high protein contained 1.8% urea from Starea. Hay intake did not differ significantly between high and low protein treatments. Milk production was significantly higher in both trials for the high protein than for the low protein ration, which demonstrated that lactating cows can use urea in the form of Starea in rations that already contain 13% natural protein.
Fat and solids-not-fat contents of milk were not affected by protein concentration of the ration. In both trials, protein content of milk was significantly higher for cows receiving the high protein ration. Cows receiving high protein gained more weight than those on low protein in trial 1 but not in trial 2.
Results of the in vitro studies demonstrate that 5 mg of RAN is not the upper limit for synthesis of microbial protein. The two lactation studies also refute the hypothesis proposed by Satter and Roffler (22) that urea cannot be used by dairy cattle if the ration already contains 12 to 13% crude protein from natural sources. Several studies (2, 6, 12, 13, 15, 20, 21, 25) have shown that lactating cows can benefit from additions of urea to rations containing natural protein in excess of 12 to 13%. The 5-mg upper limit for RAN and the 12 to 13% upper limit for natural protein above which NPN supposedly cannot be used does not consider many complex factors associated with ammonia utilization by rumen microorganisms.
Misunderstanding of the limitations of recommendations appears to be widespread.
